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(54) BIODEGRADABLE RESIN COMPOSITE MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a biodegradable resin composite material in which a laminar clay mineral is 
sufficiently homogeneously dispersed in polylactic acid and which has excellent rigidity and sufficiently high crystallization 
rate, and to provide a method for producing the same. 

SOLUTION: This biodegradable resin composite material is characterized by comprising the polylactic acid and a laminar 
clay mineral organized with a hydroxyl group-having organic onium salt and bound to the polylactic acid through the 
hydroxyl group of the organic onium salt. 
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* notices * 

JPO and NCIPI aire not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Biodegradability resin composite material characterized by containing polylactic acid and the stratified clay mineral which it 
was made organic by the organic onium salt which has a hydroxyl group, and was combined with said polylactic acid through the 
hydroxyl group of this organic onium salt. 

[Claim 2] Biodegradability resin composite material according to claim I characterized by the carbon number of the organic onium 
salt which has said hydroxyl group being six or more. 

[Claim 3] Resin composite material according to claim 1 or 2 characterized by making said stratified clay mineral organic further by 
the organic onium salt which does not have a hydroxyl group. 

[Claim 4] The manufacture approach of the biodegradability resin composite material which carries out melting kneading of the 
stratified clay mineral and polylactic acid which are obtained to a chemically-modified [ which makes a stratified clay mineral organic 
by the organic onium salt which has a hydroxyl group / organic ] degree, and a chemically-modified [ said / organic ] degree, and is 
characterized by including the melting kneading process of making the hydroxyl group of said organic onium salt, and the end 
carboxyl group of said polylactic acid reacting. 

[Claim 5] A chemically-modified [ which makes a stratified clay mineral organic by the organic onium salt which has a hydroxyl 
group / organic ] degree, The stratified clay mineral obtained to a chemically-modified [ said / organic ] degree, L-lactic acid and D- 
lactic acid, L-lactide, At least one sort of polymerization nature monomers chosen from the group which consists of a D-lactide and a 
meso-lactide are mixed. The manufacture approach of the biodegradability resin composite material characterized by including the 
polymerization process which carries out the polymerization of said polymerization nature monomer by making the hydroxyl group of 
said organic onium salt into a reacting point, and makes polylactic acid generate. 

[Claim 6] The manufacture approach of a biodegradability resin composite material according to claim 4 or 5 characterized by the 
carbon number of the organic onium salt which has said hydroxyl group being six or more. 

[Claim 7] The manufacture approach of a biodegradability resin composite material given in any 1 term of the claims 4-6 
characterized by making said stratified clay mineral organic further to a chemically-modified [ said / organic ] degree by the organic 
onium salt which does not have a hydroxyl group. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the biodegradability resin composite material containing polylactic acid and a 
stratified clay mineral, and its manufacture approach in detail about biodegradability resin composite material and its manufacture 
approach. ■ 
[0002] 

[Description of the Prior Art] Conventionally, it is known that polylactic acid shows the property decomposed by work of a 
microorganism and an enzyme and the so-called biodegradability. And the biodegradability resin composite material which added the 
stratified clay mineral made organic by the organic-ized agent for the purpose of improvement in engine performance, such as a 
biodegradation rate of polylactic acid, or rigidity and a crystallization rate, to polylactic acid is proposed. 

[0003] For example, the sustained-release fertilizer which controlled the rate of dissolution of fertilizer using the coat ingredient 
containing lactic-acid system polyester and bloating tendency inorganic fillers, such as polylactic acid, is indicated by JP,2000- 
256087,A, and the stratified silicate by which swelling was carried out with 1 2-amino-dodecanoic-acid ammonium salt etc. is 
illustrated as a bloating tendency inorganic filler. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it was the above-mentioned conventional biodegradability resin 
composite material, it could not say that the distributed homogeneity of a stratified clay mineral was not necessarily enough into 
polylactic acid, and the improvement effectiveness of rigidity or a crystallization rate by addition of a stratified clay mineral was not 
enough. 

[0005] This invention is made in view of the technical problem which the above-mentioned conventional technique has, and the 
stratified clay mineral is fully distributing to homogeneity in polylactic acid, and it aims at offering the biodegradability resin 
composite material which has the outstanding rigidity and a crystallization rate high enough, and its manufacture approach. 
[0006] " " ' 

[Means for Solving the Problem] As a result of repeating research wholeheartedly that the above-mentioned object should be attained, 
this invention persons add the stratified clay mineral made organic by the organic onium salt which has a hydroxyl group to polylactic 
acid, and came to complete a header and this invention for the above-mentioned technical problem being solved by combining 
polylactic acid and a stratified clay mineral through the hydroxyl group of organic onium salt. 

[0007] That is, biodegradability resin composite material of this invention is characterized by containing polylactic acid and the 
stratified clay mineral which it was made organic by the organic onium salt which has a hydroxyl group, and was combined with said 
polylactic acid through the hydroxyl group of this organic onium salt. 

[0008] Since polylactic acid is stably held between the layers of the stratified clay mineral which was able to be opened by organic 
onium salt by making a stratified clay mineral organic by the organic onium salt which has a hydroxyl group, and combining 
polylactic acid and a stratified clay mineral through the hydroxyl group of this organic onium salt, homogeneity can be made to fully 
distribute a stratified clay mineral in polylactic acid in the resin composite material of this invention. Consequently, it becomes 
possible to attain the outstanding rigidity and a crystallization rate high enough. 

[0009] Moreover, the 1st manufacture approach of the biodegradability resin composite material of this invention carries out melting 
kneading of the stratified clay mineral and polylactic acid which are obtained to a chemically-modified [ which makes a stratified clay 
mineral organic by the organic onium salt which has a hydroxyl group / organic ] degree, and a chemically-modified [ said / organic ] 
degree, and is characterized by including the melting kneading process of making the hydroxyl group of said organic onium salt, and 
the end carboxyl group of said polylactic acid reacting. 

[0010] Moreover, the 2nd manufacture approach of the biodegradability resin composite material of this invention A chemically- 
modified [ which makes a stratified clay mineral organic by the organic onium salt which has a hydroxyl group / organic ] degree, The 
stratified clay mineral obtained to a chemically-modified [ said / organic ] degree, L-lactic acid and D-lactic acid, L-lactide, It is 
characterized by including the polymerization process which at least one sort of polymerization nature monomers chosen from the 
group which consists of a D-lactide and a meso-lactide are mixed [ process ], carries out the polymerization of said polymerization 
nature monomer by making the hydroxyl group of said organic onium salt into a reacting point, and makes polylactic acid generate. 
[001 1] Each of the 1st of this invention and 2nd manufacture approach makes association through the hydroxyl group of organic 
onium salt form between polylactic acid and a stratified clay mineral, and thereby, the stratified clay mineral is fully distributed by 
homogeneity in polylactic acid, and it can obtain efficiently and certainly the biodegradability resin of this invention which has the 
outstanding rigidity and a crystallization rate high enough. 

[0012] In this invention, it is desirable that the carbon number of the organic onium salt which has said hydroxyl group is six or more. 
If with a carbon numbers of six or more which have a hydroxyl group organic onium salt is used, since the distance between layers of 
a stratified clay mineral will be spread more by the organic onium salt concerned, the distributed homogeneity of the stratified clay 
mineral in polylactic acid is raised, and it is in the inclination the rigidity of biodegradability resin composite material and whose 
crystallization rate improve. 

[0013] Moreover, in this invention, it is desirable that said stratified clay mineral is further made organic by the organic onium salt 
which does not have a hydroxyl group. Especially the technique of being able to increase the addition, maintaining the distributed 
homogeneity of a stratified clay mineral excellently, and using organic onium salt together in this way is effective in the 2nd 
manufacture approach of this invention by using together the organic onium salt which has a hydroxyl group, and the organic onium 
salt which does not have a hydroxyl group. Moreover, since the molecular weight of the polylactic acid generated by choosing suitably 
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the content ratio of these two organic onium salt can be adjusted when carrying out the polymerization of the polymerization nature 
monomer by making the hydroxyl group of organic onium salt into a reacting point like the 2nd manufacture approach of above- 
mentioned this invention, the addition of a stratified clay mineral can be increased, without reducing the molecular weight of 
polylactic acid. The biodegradability resin composite material containing such a stratified clay mineral can be obtained by making it 
organic further by the organic onium salt which does not have a hydroxyl group to a chemically-modified [ concerning the 1st of this 
invention, or the 2nd manufacture approach / organic ] degree. 
[0014] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this invention is explained to a detail. 

[0015] Biodegradability resin composite material of this invention is made organic by polylactic acid and the organic onium salt which 

has a hydroxyl group, and contains the stratified clay mineral combined with said polylactic acid through the hydroxyl group of this 

organic onium salt. In addition, in this invention, no polylactic acid contained in biodegradability resin composite material needs to 

combine with the stratified clay mineral through the hydroxyl group of organic onium salt, and those parts should just join together. 

[0016] The polylactic acid concerning this invention is following general formula (1): [0017]. 

[Formula 1] 

CHs\ 

O— C— C — |- (1) 
O H ) n 

It is the polymer which has the repeat unit expressed with (n expresses an integer among a formula). Although especially the average 
molecular weight of the polylactic acid concerned is not restricted, it is desirable that it is 5,000-1,000,000. When it is in the 
inclination for the average molecular weight of polylactic acid to become insufficient [ machine physical properties, such as 
reinforcement and an elastic modulus, ] for it to be said under lower limit and said upper limit is exceeded, it is in the inclination for a 
fluidity to fall remarkably in the case of shaping. 

[0018] Moreover, especially the polymerization method of polylactic acid may not be restricted, but the direct polymerization of L- 
lactic acid and D-lactic acid is sufficient as it, and it may be the ring opening polymerization of L-lactide which is the annular dimer of 
a lactic acid, D-Iactide, and a meso-lactide. Furthermore, although an optical isomer exists in the polylactic acid obtained using these 
polymerization nature monomers, you may be any of D-object, L-object, and DL-object, and two or more sorts of mixture of these is 
sufficient. 

[0019] In addition, although association through the hydroxyl group of organic onium salt is formed between stratified clay minerals at 
the end of polylactic acid so that it may mention later, the polymerization of other polymerization nature monomers, such as glycolide 
and a caprolactone, is further carried out to the other end, and it is good for it also as a copolymer. As for the polymerization chain by 
other polymerization nature monomers of these, it is desirable that it is less than [ 20mol% ] on the basis of the whole copolymer. 
[0020] Although not restricted especially as a stratified clay mineral concerning this invention, specifically, micas, such as vermiculite 
group; TENIO lights, such as kaolinite group; JIOKUTAHEDORARU vermiculites, such as smectite group; kaolinites, such as a 
montmorillonite, beidellite, saponite, and hectorite, and halloysite, and a trio KUTAHEDORARU vermiculite, a tetra-silicic mica, 
muscovite, an illite, a sericite, a FUROGO cutting tool, and biotite, etc. are mentioned. These stratified clay minerals may be natural 
minerals, and may be synthetic minerals by hydrothermal synthesis, scorification, a solid phase technique, etc. Moreover, in this 
invention, one sort in the above-mentioned stratified clay mineral may be used independently, and you may use combining two or 
more sorts. Moreover, as for the cation exchange capacity of a stratified clay mineral, it is desirable that they are 30-300meq / lOOg. 
[0021] The organic onium salt which has a hydroxyl group concerning this invention says the compound which the hydroxyl group 
combined with the organic radical in onium salt, such as organic ammonium salt, organic phosphonium salt, organic pyridinium salt, 
and organic sulfonium salt, and while making a stratified clay mineral organic and extending the distance between the layer, polylactic 
acid and a stratified clay mineral are made to combine through a hydroxyl group. In addition, it sets to this invention and organic- 
ization means adsorbing and/or combining the organic substance between the layers of a stratified clay mineral, and/or with a front 
face by the physical and chemical approach (preferably the chemical approach), 

[0022] Although it will not be restricted as organic onium salt which has a hydroxyl group concerning this invention especially if it 
has a hydroxyl group, as for the carbon number, it is desirable that it is six or more. Distance between layers of a stratified clay 
mineral cannot fully extend that the carbon number of the organic onium salt concerned is less than six, but it is in the inclination it to 
become difficult to distribute a stratified clay mineral to homogeneity in polylactic acid. 

[0023], As for the content of the organic onium salt which has a hydroxyl group, it is desirable that it is the 10 - 150 weight section to 

the stratified clay mineral 100 weight section, and it is more desirable that it is the 20 - 100 weight section. Distance between layers of 

a stratified clay mineral cannot fully extend that the content of the organic onium salt concerned is said under lower limit, but when it 

is in the inclination which becomes difficult to make homogeneity distribute a stratified clay mineral in polylactic acid and it exceeds 

another side and said upper limit, it is in the inclination for the amount of the organic onium salt introduced by physical adsorption to 

increase, and for the physical properties of resin composite material to be spoiled (for example, plasticization). 

[0024] As organic onium salt which has the hydroxyl group preferably used by this invention, the organic ammonium salt expressed 

with the following general formula (2) or (3) is illustrated. One sort may be independently used for such organic ammonium salt, and 

it may use both together. 

[0025] 

[Formula 2] 

R1 \ 



R 2 -^ N^— f CH2^~ OH (2) 



[— among the formula, even if Rl , R2, and R3 are the same, you may differ, and a hydrogen atom or an alkyl group is expressed, 
respectively, and 1 expresses the integer of 6-20.] 
[0026] 
[Formula 3] 
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R 6 ' 



R 4 




N ^CH2-CH2- 



(3) 



[- among the formula, even if R4 and R5 are the same, you may differ, a hydrogen atom or an alkyl group is expressed, respectively, 
even if m and n are the same, they may differ from each other, and the carbon number of the sum total of R4 and R5 is six or more, 
and they express the integer of 1-20.] 

[0027] Rl, R2, or R3 </SUP> expresses a hydrogen atom or an alkyl group among the above-mentioned general formula (2). As this 
alkyl group, specifically A methyl group, an ethyl group, n-propyl group, i-propyl group, n-butyl, sec-butyl, tert-butyl, A straight chain 
or a branched-chain pentyl radical, a straight chain or a branched-chain hexyl group, a straight chain, or a branched-chain heptyl 
radical, A straight chain or a branched-chain octyl radical, a straight chain or a branched-chain nonyl radical, a straight chain, or a 
branched-chain decyl group, Although a straight chain or a branched-chain undecyl radical, a straight chain or the branched-chain 
dodecyl, a straight chain or a branched-chain tridecyl radical, a straight chain or a branched-chain tetradecyl radical, a straight chain or 
a branched-chain pentadecyl group, a straight chain, or a branched-chain octadecyl radical is mentioned As for the carbon number of 
the alkyl group concerned, it is desirable that it is 1-4. When the carbon number of an alkyl group exceeds said upper limit, it is in the 
inclination for composition of organic onium salt to become difficult. 

[0028] moreover, the inside of the above-mentioned general formula (2) and 1 — the polymerization degree of a methylene group (- 
CH2-) — expressing - 6-20 — it is the integer of 8-1 8 preferably. When 1 is less than six, the distance between layers of a stratified 
clay mineral does not fully spread, but it is in the inclination for a stratified clay mineral to become is hard to be distributed in 
polylactic acid in homogeneity. On the other hand, when 1 exceeds 20, it is in the inclination for composition of organic onium salt to 
become difficult 

[0029] Moreover, R4 and R5 express a hydrogen atom or an alkyl group among the above-mentioned general formula (3). The alkyl 
group illustrated as this alkyl group in the explanation of Rl, R2, and R3 in a general formula (2) is mentioned. 

[0030] Although you may differ even if R4 and R5 in a general formula (3) are the same, as for the carbon number of those sum totals, 
it is desirable that it is six or more, and it is more desirable that it is eight or more. The distance between layers of a stratified clay 
mineral does not fully spread that the carbon number of the sum total of R4 and R5 is less than six, but it is in the inclination for a 
stratified clay mineral to become is hard to be distributed in polylactic acid in homogeneity. For example, R4 is preferably used as a 
compound with which the compound whose R5 is the compound whose R5 is the dodecyl in a hydrogen atom, and whose R4 is an 
octadecyl radical in a methyl group, and the compound R4 and whose R5 are octadecyl radicals fill the above-mentioned conditions. 
[0031] moreover, the inside of the above-mentioned general formula (3), and m and n -- the polymerization degree of an oxyethylene 
radical (-CH2CH20-) — expressing — 1-20 — desirable — 1-10 — it is the integer of 1-5 more preferably, and is 1 especially preferably. 
When m or n exceeds 20, it is in the inclination for the hydrophilic property of a stratified clay mineral to become high superfluously, 
and for adjustment to become difficult. In addition, even if m and n are the same, they may differ. 

[0032] In this invention, it is desirable to use the stratified clay mineral further made organic by the organic onium salt which does not 
have a hydroxyl group in addition to the organic onium salt which has a hydroxyl group. Thus, especially the technique of being able 
to increase the addition, maintaining the distributed homogeneity of a stratified clay rnineral excellently, and using organic onium salt 
together in this way is effective in the 2nd manufacture approach of this invention by using together the organic onium salt which has 
a hydroxyl group, and the organic onium salt which does not have a hydroxyl group. Moreover, since the molecular weight of the 
polylactic acid generated by choosing suitably the content ratio of these two organic onium salt can be adjusted when carrying out the 
polymerization of the polymerization nature monomer by making the hydroxyl group of organic onium salt into a reacting point like 
the 2nd manufacture approach of this invention, the addition of a stratified clay mineral can be increased, without reducing the 
molecular weight of polylactic acid. 

[0033] As organic onium salt which does not have the hydroxyl group preferably used in this invention, the organic ammonium salt 
expressed with the following general formula (4) can be illustrated. 
[0034] 
[Formula 4] 



[- among the formula, even if R6, R7, R8, and R9 are the same, you may differ, and a hydrogen atom or an alkyl group is expressed, 
respectively, and the carbon number of the sum total of R6, R7, R8, and R9 is six or more.] 

[0035] R6, R7, R8, and R9 express a hydrogen atom or an alkyl group among the above-mentioned general formula (4), respectively. 
The alkyl group illustrated as this alkyl group in the explanation of Rl, R2, and R3 in a general formula (2) is mentioned. 
[0036] Among the above-mentioned general formula (4), the carbon number of the sum total of R6, R7, R8, and R9 is six or more, and 
is eight or more preferably. It becomes difficult to extend the distance between layers of a stratified clay mineral further by organic- 
ization by the organic onium salt as the carbon number of the sum total of R6, R7, R8, and R9 is less than six, and the dispersion effect 
to the polylactic acid of a stratified clay mineral becomes is hard to be acquired. 

[0037] Moreover, in this invention, N (nitrogen atom) in the above-mentioned general formula (4) can also use the organic 
phosphonium salt permuted by P (Lynn atom). 

[0038] When using together the organic onium salt which has a hydroxyl group, and the organic onium salt which does not have a 
hydroxyl group, it is desirable that it is more than 5mol% on the basis of the organic onium salt whole quantity, as for the blending 
ratio of coal of organic onium salt which has a hydroxyl group, it is more desirable that it is more than 10mol%, and it is still more 
desirable that it is more than 15mol%. It is in the inclination as for which becomes inadequate [ compatibility with polylactic acid or 
its polymerization nature monomer (a lactic acid, lactide) ] for the blending ratio of coal of organic onium salt which has a hydroxyl 
group to be less than [ 5mol% ], and these become are hard to be held between the layers of a stratified compound stably. 
[0039] In the biodegradability resin composite material of this invention, the latter is 0.5 - 30 weight section preferably to the former 
100 weight section, and the content ratio of polylactic acid and the stratified clay mineral made organic is 1 - 20 weight section more 
preferably. When the content of a stratified clay mineral is in the inclination which becomes inadequate [ extent of improvement in 
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rigidity and a crystallization rate by it being said under lower limit ] and exceeds another side and said upper limit, it is in the 
inclination for it to become impossible for polylactic acid to form a continuation layer, and there is a possibility that the rigidity of 
biodegradability resin composite material may fall. 

[0040] Moreover, as for the distance between layers of the stratified compound contained in the biodegradability resin composite 
material of this invention, it is desirable that it is 5nm or more on the basis of the mean distance between the centers of gravity of each 
class, and it is more desirable that it is lOnm or more. It is in the inclination for the distance between layers of a stratified compound to 
become inadequate [ the dispersibility of polylactic acid ] for it to be less than 5nm 

[0041] Next, the 1st of the biodegradability resin composite material of this invention and the 2nd manufacture approach are 
explained. 

[0042] The 1 st manufacture approach of this invention carries out melting kneading of the stratified clay mineral and polylactic acid 
which are obtained to a chemically-modified [ which makes a stratified clay mineral organic by the organic onium salt which has a 
hydroxyl group / organic ] degree, and a chemically-modified [ organic ] degree, and includes the melting kneading process of making 
the hydroxyl group of organic onium salt, and the end carboxyl group of polylactic acid reacting. 

[0043] A chemically-modified [ organic ] degree can be performed by the approach currently indicated by for example, these people at 
the patent No. 2627194 official report. That is, organic-ization of a stratified clay mineral can be performed by carrying out the ion 
exchange by the organic onium ion (for example, setting to organic ammonium salt organic ammonium ion) which produces the 
inorganic ion in a stratified clay mineral from the organic onium salt which has a hydroxyl group. 

[0044] When more specifically using the organic ammonium salt which has a hydroxyl group, organic-ization can be performed by the 
following approaches. That is, when using a massive stratified clay mineral, first, a ball mill etc. grinds this and it is fine-particles- 
ized. Subsequently, these fine particles are underwater distributed using a mixer etc., and the water distribution object of a stratified 
clay mineral is obtained. Apart from this, acids, such as an organic amine which has a hydroxyl group, and a hydrochloric acid, are 
added to water, and the water solution of the organic ammonium salt which has a hydroxyl group is adjusted. By adding this water 
solution to the water distribution object of the above-mentioned stratified clay mineral, and mixing up, the ion exchange of the 
inorganic ion in a stratified clay mineral is carried out by the organic ammonium ion which has the hydroxyl group produced from 
organic ammonium salt. The stratified clay mineral made organic can be obtained by removing water from this mixture. 
[0045] As a dispersion-medium object of organic ammonium salt or a stratified clay mineral, the mixture of these and water can be 
used for a methanol, ethanol, propanol, isopropanol, ethylene glycol and such mixture, and a list besides water. 

[0046] Although a stratified clay mineral may be further made organic by the organic onium salt (for example, organic ammonium salt 
expressed with the above-mentioned general formula (4)) which does not have a hydroxyl group to a chemically-modified [ this / 
organic ] degree, even if it does not perform share opportunity-ization by two sorts of these organic onium salt, the addition can be 
increased by the 1 st manufacture approach, maintaining the distributed homogeneity of a stratified clay mineral excellently. In 
addition, organic-ization by the organic onium salt which does not have a hydroxyl group may be performed simultaneously with 
organic-izing by the organic onium salt which has a hydroxyl group, and after organic-izing by the organic onium salt which has a 
hydroxyl group, it may be performed. 

[0047] Next, in a melting kneading process, the biodegradability resin constituent of this invention is obtained by carrying out melting 
kneading of the stratified clay mineral and polylactic acid which are obtained to a chemically-modified [ organic ] degree, and making 
the hydroxyl group of organic onium salt, and the end carboxyl group of polylactic acid react. 

[0048] Although it will not be restricted especially if a reaction of the hydroxyl group of organic onium salt and the end carboxyl 
group of polylactic acid is possible for the temperature in a kneading process, it is 150-250 degrees C preferably. It is in the inclination 
which the temperature concerned becomes inadequate [ melting of polylactic acid ] for it to be said under lower limit, and becomes 
that it is hard to make homogeneity distribute a stratified clay mineral in polylactic acid. Moreover, when the temperature concerned 
exceeds said upper limit, it is in the inclination for the molecular weight of polylactic acid to fall and for the physical properties of 
resin composite material to be spoiled (for example, plasticization). 

[0049] Moreover, it is desirable to carry out according to the approach currently indicated by these people at the international 
disclosure WO 99/No. 50340 official report in the case of a kneading process. Namely, a 2 shaft kneading machine equipped with the 
screw which can add high resin reduced pressure, the quantity total amount of shear, and high shear energy is used. 5xl04Pa or more 
and maximum lxlOSPa, [ the average of resin reduced pressure ] The total amount of shear can carry out micro-disperse of the 
stratified clay mineral to homogeneity into polylactic acid by carrying out melting kneading of the stratified clay mineral and 
polylactic acid which were made organic under the conditions 105-107, and whose total shear energy are 1010-1014Pa. 
[0050] A chemically-modified [ to which the 2nd manufacture approach of this invention makes a stratified clay mineral organic by 
the organic onium salt which has a hydroxyl group / organic ] degree, The stratified clay mineral obtained to a chemically-modified 
[ organic ] degree, L-lactic acid and D-lactic acid, L-lactide, At least one sort of polymerization nature monomers chosen from the 
group which consists of a D-lactide and a meso-lactide are mixed, and the polymerization process which carries out the polymerization 
of said polymerization nature monomer by making the hydroxyl group of said organic onium salt into a reacting point, and makes 
polylactic acid generate is included. 

[005 1] A chemically-modified [ concerning the 2nd manufacture approach / organic ] degree can be carried out to the 1st above- 
mentioned manufacture approach like a chemically-modified [ this / organic ] degree. Moreover, it is desirable to make a stratified 
clay mineral organic further by the organic onium salt (for example, organic ammonium salt expressed with the above-mentioned 
general formula (4)) which does not have a hydroxyl group to a chemically-modified [ concerning the 2nd manufacture approach / 
organic ] degree. Thereby, the addition can be increased in the polymerization process mentioned later, maintaining the distributed 
homogeneity of a stratified clay mineral excellently. Furthermore, since the molecular weight of the polylactic acid which controls the 
abundance of the hydroxyl group between the layers of a stratified clay mineral and/or in a front face, and is generated can be adjusted 
by choosing suitably the content ratio of these two organic onium salt, the addition of a stratified clay mineral can be increased, 
without reducing the molecular weight of polylactic acid. In addition, organic-ization by the organic onium salt which does not have a 
hydroxyl group may be performed simultaneously with organic-izing by the organic onium salt which has a hydroxyl group, and after 
organic-izing by the organic onium salt which has a hydroxyl group, it may be performed. 

[0052] Next, in a polymerization process, polylactic acid generates by mixing at least one sort of polymerization nature monomers 
chosen from the stratified clay mineral obtained to a chemically-modified [ organic ] degree, and the group which consists of L-lactic 
acid, D-lactic acid, an L-lactide, and a D-lactide, and carrying out the polymerization of said polymerization nature monomer by 
making the hydroxyl group of said organic onium salt into a reacting point. Here, in using L-lactic acid and/or D-lactic acid, polylactic 
acid generates according to these direct polycondensations, and in using another side, L-lactide, and/or D-lactide, polylactic acid 
generates by such ring opening polymerization. These polymerizations may be performed using a predetermined catalyst and may be 
performed under a non-catalyst. As a catalyst, octylic acid tin, tin chloride, a zinc chloride, a lead oxide, lead carbonate, a titanium 
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chloride, alkoxy titanium, a germanium dioxide, a zirconium dioxide, etc. are mentioned, and, as for the amount used, specifically, it is 
desirable that it is 0.001 - 1 weight section to the polymerization nature monomer 100 weight section. Moreover, as for the reaction 
temperature in a polymerization process, it is desirable that it is 1 00-200 degrees C. 

[0053] Thus, each of the 1st of this invention and 2nd manufacture approach makes association through the hydroxyl group of organic 
onium salt form between polylactic acid and a stratified clay mineral, and thereby, a stratified clay mineral is fully distributed by 
homogeneity in polylactic acid, and it can obtain efficiently and certainly the biodegradability resin of this invention which has the 
outstanding rigidity and crystal acceleration high enough. 
[0054] 

[Example] Hereafter, although this invention is explained still more concretely based on an example and the example of a comparison, 
this invention is not limited to the following examples at all. 

[0055] 5000ml of 80-degree C water was made to distribute example 1 (organic-izing of stratified clay mineral) sodium mold 
montmorillonite (KUNIPIAF made from KUNIMINE mining, cation-exchange-capacity: 1 15meq / lOOg) lOOg, on the other hand, 
after dissolving dihydroxyethyl MECHIRUSUTEARIRU ammonium bromide 59.2g in 2000ml of 80-degree C water, both were 
mixed and organic-ization of a montmorillonite was performed. 80-degree C water washed the obtained organic-ized montmorillonite 
(henceforth 1 8(OH)2-Mont) 3 times, and this was ground after freeze-drying. The residue for inorganic of 1 8(OH)2-Mont calculated 
by the **** method was 63%. 

[0056] (Kneading with a stratified clay mineral and polylactic acid) Melting kneading of the mixture which added 18(OH)2-Mont 3% 
of the weight with the inorganic part reduced property to polylactic resin (Shimadzu Lacty # 9030) was carried out using the twin 
screw extruder (Japan Steel Works TEX30alpha) equipped with a screw by screw-speed 300rpm, the resin temperature of 200 degrees 
C, and resin speed-of-supply 5 kg/h, and the target resin composite material was obtained. After extruding the obtained resin 
composite material in the shape of a strand, it quenched with water and considered as the pellet with the strand cutter. 
[0057] (Assessment of a distributed condition) The above-mentioned pellet was started with the microtome and the ultrathin section 
was produced, x: in which the stratified clay mineral in the condition that the **:2-3 layer to which this is observed with a 
transmission electron microscope (JEOL JOEL- 200 CX), and the following criteria: O: stratified clay minerals are carrying out micro- 
disperse of the distributed condition of a stratified clay mineral for every monolayer mostly condensed is accepted 50% or more — 
most stratified clay minerals distribute, where dozens of or more layers are condensed — **** — it based and evaluated. The obtained 
result is shown in a table 1 . 

[0058] (Rigid assessment) Injection molding of the above-mentioned resin composite material was performed using the injection 
molding machine (NISSEI PLASTIC INDUSTRIAL PS 40E2 ASE) and FS75 mold, and the dumbbell mold test piece for tensile test 
was obtained. This test piece is used and it is ASTM. The tensile test was performed according to D638M, and tensile strength, 
elongation after fracture, and an elastic modulus were evaluated. Moreover, ASTM The Izod impact test was performed according to 
D256. The obtained result is shown in a table 1 . 

[0059] (Measurement of crystallization time amount) Crystallization time amount was measured with the DSC measuring device 
(DSC[ by PerkinElmer, Inc. ]- 7) using the above-mentioned pellet. That is, 0.3mg of samples was paid to the aluminum pan, and time 
amount after holding for 5 minutes at 200 degrees C, lowering the temperature rapidly, holding and lowering the temperature to 1 10 
degrees C until the endoergic peak of crystallization appears was made into crystallization time amount. The obtained result is shown 
in a table 1. 

[0060] Instead of example 2 dihydroxyethyl methyl stearyl ammonium salt dihydroxyethyl methyl alkyl ammonium salt (the alkyl 
group of Kao AMITO 102 and the alkylrpalm oil origin —) Presentation : Organic-ization of a montmorillonite is performed using 
octyl / DESHIRU / dodecyl / tetradecyl / octadecyl / oleyl =7/7/51/19/8/2/6. Except having used the obtained organic-ized 
montmorillonite (A102-Mont), like the example 1, resin composite material was produced and crystallization time amount was 
measured in the distributed condition and the rigid assessment list. The obtained result is shown in a table 1 . 
[0061] an example 3 — 18(OH)2-Mont was first compounded like the example 1. Next, L-lactide lOOg, 18(OH)2-Mont3.5g, and 
octylic acid tin 200mg were put into the reaction container, and it decompressed to 10-2mmHg. Then, temperature was raised 
gradually, agitating enough and it held at 1 60 degrees C for 3 hours. The resultant was dissolved in chloroform, it was dropped into the 
methanol, and isolation purification of the resin composite material was carried out. 

[0062] About the obtained resin composite material, crystallization time amount was measured in the distributed condition and the 
rigid assessment list like the example 1 . The obtained result is shown in a table 1 . 

[0063] Except having used the montmorillonite (1 1 OH-Mont) made organic by 3 (CH3C H2)N+(CH2)1 lOHBr- instead of example 
418(OH)2-Mont, like the example 3, resin composite material was produced and crystallization time amount was measured in the 
distributed condition and the rigid assessment list. The obtained result is shown in a table 1 . 

[0064] Except having used the montmorillonite (OH/C18-Mont) made organic with the mixture (mole ratio 7:3) of dihydroxyethyl 
stearyl ammonium salt and trimethyl stearyl ammonium salt instead of example 5 1 8(OH)2-Mont, like the example 3, resin composite 
material was produced and crystallization time amount was measured in the distributed condition and the rigid assessment list. The 
obtained result is shown in a table 1 . 

[0065] Example of comparison 1 polylactic acid was used independently, and rigid assessment and measurement of crystallization 
time amount were performed like the example 1 . The obtained result is shown in a table 2. 

[0066] Except having used the montmorillonite (12 COOH-Mont) made organic by 12-amino dodecanoic acid instead of example of 
comparison 21 8(OH)2-Mont, like the example 1, resin composite material was produced and crystallization time amount was 
measured in the distributed condition and the rigid assessment list. The obtained result is shown in a table 2. 

[0067] Except having used the montmorillonite (CI 8Me3-Mont) made organic by stearyl trimethylammonium instead of example of 
comparison 318(OH)2-Mont, like the example 1, resin composite material was produced and crystallization time amount was 
measured in the distributed condition and the rigid assessment list. The obtained result is shown in a table 2. 

[0068] Except having used 12 COOH-Mont instead of example of comparison 418(OH)2-Mont, like the example 3, resin composite 
material was produced and crystallization time amount was measured in the distributed condition and the rigid assessment list. The 
obtained result is shown in a table 2. 
[0069] 
[A table 1] 
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[0071] As shown in a table 1, in the resin composite material of examples 1-5, the stratified clay mineral was all distributing minutely 
in polylactic acid, and improvement in rigidity and a crystallization rate was accepted compared with the polylactic acid independent 
(example 1 of a comparison) case. 

[0072] On the other hand, as shown in a table 2, in the resin composite material of the examples 2-4 of a comparison, it was 
distributing in polylactic acid, with the stratified clay mineral condensing, and it only turned out [ hard ] that it is a weak ingredient. 
[0073] 

[Effect of the Invention] Since polylactic acid is stably held between the layers of the stratified clay mineral which was able to be 
opened by organic onium salt by making a stratified clay mineral organic by the organic onium salt which has a hydroxyl group, and 
combining polylactic acid and a stratified clay mineral through the hydroxyl group of this organic onium salt, homogeneity can be 
made to fully distribute a stratified clay mineral in polylactic acid in the resin composite material of this invention as explained above. 
Consequently, it becomes possible to attain the outstanding rigidity and a crystallization rate high enough. 
[0074] Moreover, according to the manufacture approach of the resin composite material of this invention, the resin composite 
material of this invention which has the property which was excellent in this way can be obtained efficiently and certainly. 

[Translation done.] 
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rfcJxtfttfcMKSftftv^ ^L<(ii50-25 
OtT'fcSo aKa«^l«TBMtt«'Cfc*4:. #y 

[004 9] aaxa^isjctt, ^m^A^cf? 

BR^BWO 9 9/5 0 3 4 0-S^«t-M^*ttTV^6 

Wflg 

5X10 4 Pa^±, 1 X 

iO s Pa x ^it^io 5 -io\ fiHt/^Br^* 

/Udj*— £S 10 lo -10 14 Pa <75*«=T-C*«ft * 

«tt±«« t ^ y ?ls££ r t tc£ or % 

15. 

[0 0 5 0] *3BW<0*2<DS43S*ifett. *»8 

Sir, fWbXlT#f)nsit«±»t, L-fL 
$L D-?l®L L-^^^K. D-7^f KMme s 

[00 5 1] 2 WKafi*»JC^5#«ftXStt, -L 

(«*.«±b— *a (4) x*mznz>mm.T>*=-VJ* 

ox% ^yfL»o^ft*fiT**i"t-«i»tt±«;«^ 
[0052] fttci, i^iicfc^x, *Wkia-fl» 



(6) 2003-73538 
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<D7k&mz5ifc&k Lxmmm&&mmftzm&tsTtz> 

«tfj3KyfLMds±rici-5« wtbbos^n. efs<o«s«t 
£/8^-cfToTt>«fc<. JSttlKT-etTort -ftMK 

10 i: Ltlt Aft W tit** s^^-A**:*. *ttfls*X. & 

{fcaos, Mifctt* ^{b^^v. 7A3*^^ 

*u -t^^fifis^tt^s* i o otisi^fc 

0. 0 0 1- lIi^5^t^LV\ a 
-&XS^*5«+SSl6«aa[ttl 0 0 — 20 0lC-Cfc3w& 

' [0 0 5 4] 
[0 0 5 5] 

30 h (*-s ^tf. »>r^-vas«»* : 1 

I5meq/100g) 1 0 0 g £: 8 0 5 0 0 0 

T U;U7^^!)Ayp K5 9. 2g^8 0^(0^2 
0 0 0ml f^f^lt^^y P 

b<omm{£&ftofco '&htittm<t*>*}) v-f- 

4 Y (^T> 18 (OH) 2 -Mo ntH^) ^8 0 
fco «ia9W:18 (OH) 2 -Mont(0« 

40 [0056] (itttt±«*j:^ya*twa») 

y ^-^{lx.6-^^m^ (B^SSifiSieff^TEX 3 0 
a) £I8V\ y ?L^^^b (»j*»f^Bf»7^^W # 9 
0 3 0) fC18 (OH) 2 -Mont$:iMIlt 

pm, «^S2 0 0 t C, »ffi«»ji«5kg/ht?S 

h^>- K*y^-"C^y bt Ufc 0 

[0 0 5 7] (^«««wffflfi) _b|E<0-<U y h ?r ^ ^ 



(7) 



11 

mm,*m'&m (b*«^kjoel-2oocx) t?« 
[0058] (Mtta>m» muasw ( 0 mmmx.m 

1PS40E2ASE) RXfF S 7 5 MSrJB V^T±12£> 
£^fc 0 roWfcJfr*:fflV\ ASTM D6 3 8MtCig 

i:T9i«5*tn*:fTV\ zm&z. mmtov* w&m& 

SMIfiLfc. ASTM D 2 5 6tCip£T I z o d 

[0 0 5 9] (S^tP$WJ <*>«]£) -He*>'< l/yhSrffl 
V\ DSCSiJ^g (^-^yx^-ttBDSC- 
7) lc*9*iftWIRI4:M*Lfc. i-fttefe, «»0. 
3mg^7/L';/^(atl, 2 0 0 ^"C 5 j}IHfttt Lt 

[0 0 6 0] ^ffiffl|2 



10 



20 



OfeigiT; — M02, TA^A* : iri/ttS* 
OT/v^r/u^. : t^f/v/f'>;u/Kf^/7 
^T^/t^fW^U^^ 7/7/5 1/ 
19/8/2/6) Sr/f^-C^rV^y u^-f h^tttft 
S:t¥V\ SbftfcWaMb^i^y n^->f h (A10 2- 

Mont) srftfflu^n t 1 fcn««cL 

[0 0 6 1] SffiMaL 
5fei\ XttMl et^t-b-C 1 8 (OH) 2 -Mont 
£<£j&Lfc 0 L-7^f KlOOg, 18 (O 

H) 2 -Mo n t 3. 5 g, t^f/^^X2 0 Omg 
*:RJSS»KA*U 1 0- 2 mmHg$t«IItto 

3*n«»L*:. RJS£/£W&*on*A^lC*#U 



30 



40 



2003-73538 
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: [0 0 6 2] ^^n^^^W^o^T, H%ffi 1 

[oo6 3] mmm* 

18 (OH) 2 -Mo n t <Dftt>*)\Z, (CH 3 CH 2 ) 3 

(CH 2 ) ll OHBr-C*aftlfc*^!lot'f 
h (llOH-Mont) fcjfi^fcr £«*tt:3llfeM3 

1 t-^"t" 0 

[0 0 6 4] ^ffiffljS 

18 (OH) 2 -Mont^^:, v?t Kn^^x 
^/UXy'T V /l<T>*:~VJ*&b h y > f/Mf7 y A' 
7^^^^<h^^ (^-Atfc7 : 3) T?*T»fbL 
fc^y^ty nt^f h (OH/C 1 8 -Mo n t ) Sr/El^ 

[oo6 5] a^fii i 

2 tc^-fa 

[0 0 6 6] tttftfr] 2 

1 8 (OH) 2 -Mo n t (DftfrDlC. 1 2-7; J K 
T^^tWKl^y^ynt^f (12COOH 

-Mont) &m\<^^k£iKtemmMi bmmiz^ 

[0 0 6 7] a&M3 

18 (OH) 2 -M o n t <D{Xt> 9 l-> ^^T y h U 
^ f /1/7 y ^ x TtSft L t ^ y ^ ^ P t ^ h (C 
18Me 3 -Mont) Srffl ^it r t Sk^HtfMVt 1 £ 

2 

[00 6 8] lt«W4 

18 (OH) 2 -Mo n t (D{Xt>V^ 1 2 COOH-M 
o n t SrfflV^fcr t«^ttH16«3fclS]«^LT, Wffi 

[0 0 6 9] 
[^1] 









mmmz 


mum 4 






O 


o 


O 


O 


O 


ZmWiZ [MPa] 


72.4 


70.4 


71-9 




70.0 


5lfC*SH*lf[X] 


5.2 


5.4 


5.1 


5.6 


4.9 




1.65 


1.62 


1.64 


1.62 


1.64 


IxodMfffi[J/n] 


23.8 


25.0 


24.1 


23.5 


22.9 




5.3 


10.5 


5.0 


6.1 


6.9 



[0 0 7 0] 



50 [f!2] 



13 



(8) 





tt««9 1 


it«OT2 




tt«M4 






X 


X 


A 




61. 2 


45.3 


58.0 


59.5 


9l9»IWf#V[%] 


8.4 


1.5 


2.8 


3.1 


9IW*tt*[GPa] 


1.31 


1.52 


1.58 


1.58 


IxodfB¥ffl[J/*] 


2S.6 


12.2 


18.2 


18.8 


MMbBMI&in] 


54.5 


42.2 


35.5 


32.7 
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I 0 0 7 1 ] « 1 \Z7sk-t£ 5 ^ffi0»J 1 - 5 tOfflfllffi 
[0 0 7 2] — ^ 2 tC^-T J; 5 fc, itg50ij 2-40 
[0 0 7 3] 



8iitttt±«:*i:Sr8*S«:i:i:J:ot, ^Wi* 
10 ■fc3ftSft3e»*w«»**L50'C, «jRtt±ttft*:^yfL» 

*ici+»»cJft-fc4MK**srfc*-e#a. -tote*. 

[0 0 7 4] *fSW^»lB«^*t»^»aS*S^ 



(72)S5E# MtrM fc-f* (72)»W# 

F * — 4J002 CF181 CF191 DJ006 FB086 

FD016 

4J029 AA02 AB05 AC01 AD10 EA05 
EH03 KJ08 



